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I. Introduction and Summary

This report documents the efforts of the Mallory Battery
Company on the design, development, and fabrication of
battery type BA-5557( )/U employing hermetically sealed
lithium-organic electrolyte sulfur dioxide cells (LO-42SHX)
under contract No. DAAB07-77-C-1805 which would meet the
appropriate electrical and safety requirements set forthin the technical guidelines. The study included the following:

a. Anode and cathode design and construction, consistent
with optimization of power density, capacity, and safety

b. Cell venting provisions

c. Intercell and terminal connections

d. Cell arrangement

e. Fuse mounting method

f. Fuse reliability

g. Battery construction material, non-flammability
characteristics

h. Thermal studies

The battery, developed as per original technical guidelines,
resulted in violent venting of a few cells during direct
use in the DMD (constant power device). EPADCOM made a fewchanges in the technical guidelines which initiated the
re-design of the LO-42SHX cell and battery fuse to meet the
new requirements. This report covers both work on initial
as well as revised cell and battery design.

II. Li/SO2 Electrochemical System

The Li/SO2 electrochemical system consists of a lithiumanode, a carbon cathode, an electrolyte composed of liquefied
S0 2 , a lithium salt, and an organic solvent. Sulfur dioxide
is the depolarizer.

During discharge, the cell reactions involve the anodic
dissolution of Li to Li+ and the cathodic reduction of
SO2 to Li2S204 (lithium dithionite) which precipitateswithin the porous carbon cathode.

* 2Li - 2Li+ + 2e- (Anode reaction)
2SO2 + 2e = S204 (Cathode reaction)

2Li + 2SO 2 - Li2S204  (Overall reaction)

(1)



Theoretically, one ampere-hour of capacity is delivered by

0.2589 gm of lithium and 2.4 gm of SO2 .

III. Initial Cell Design and Fabrication

This section covers the feasibility demonstration and pre-
liminary battery design aspects. Fifty (50) LO-42SHX cells
were forwarded to ERADCOM in accordance with CLIN 0001 in
addition to the forty-nine (49) cells tested under the
specified physical, environmental, electrical, and safety
requirements. Technical guideline dated 20 November, 1976,
was followed in this part of the program.

Initial Cell Design: During the initial stage of the contract,
Mallory exerted its major effort to meet specifications estab-
lished in the original technical guidelines. Cell type
LO-42SHX was designed.

The discharge test consisted of a continuous background
current of 0.018A, with pulses of 2.8A for 10 ms duration
every second, and one pulse of l.OA for 150 seconds every
half hour. This cycle was repeated until voltage reached
1.5 volts. The current load was repeated until voltage
reached 1.5. The current load profile is illustrated in
Figure 1. The total required capacity at 750 F is 3.048 AH
in accordance with the technical guideline dated 20 November,
1976.

The 2.8 and 1.0 amp pulses required a high rate design with
maximum electrode surface area. The internal volume is a
design constraint since only 13.6 cc are available to
accommodate the anode, cathode, separator, and electrolyte,
and to allow for electrolyte expansion. A stoichiometrically
balanced cell having this internal volume is estimated to
deliver 2.5AH, at 75*F at a 24 hour discharge rate.

Experimental cells were fabricated using stoichiometrically
balan.ced and unbalanced amounts of lithium and SO2 . The
balanced cell design utilized .006" thick lithium foil, res-
ulting in a theoretical Li:SO 2 capacity ratio of approximately
1:1. The unbalanced cell had excess lithium (.008" thick)
resulting in a theoretical Li:S02 capacity ratio of approx-
imately 1.2:1.0. The designs were as follows:

1. Balanced Cells:

Lithium: 22" x .700" x .006" Theoretical anode capacity =
3.12 AH

Cathode: 24.5" x .700" x .024"

Electrolyte: 10.8 ± .2 grams Theoretical S02 capacity =
3.15 AH

(2)



Li:S02 Theoretical Capacity Ratio = 1.0:1.0

Anode current density at 2.8A pulse = 14.0 mA/cm2

2. Unbalanced Cells:

Lithium: 20" x .700" x .008" Theoretical anode capacity =
3.76AH

Cathode: 22.5" x .700" x .024"

Electrolyte: 10.8 ± .2 grams Theoretical S02 capacity =
3.15 AH

Li:S0 2 Theoretical Capacity Ratio: 1.19:1.00

Anode current density at 2.8A pulse = 15.5 mA/cm
2

In the above designs, the electrode widths were maximum for the
cell height. Thus, the geometric area may be increased only by
increasing the electrode lengths and reducing the thickness.
An anode thinner than .006" was not considered, mainly due to
its high cost and low percent utilization.

Balanced and unbalanced cells delivered equal capacities at -400 F,
whereas at 70*F the capacity of the balanced cell was slightly
greater. In general, the unbalanced cells deliver more capacity
than the balanced cells at 70*F and low current density levels
(up to 6 mA/cm2), whereas at high current density levels,
balanced cells are slightly superior. It may be concluded that
the capacity is rate limited, and thus the balanced cells,
having greater electrode surface area, delivered slightly more
capacity than the unbalanced cells at high rates.

Considering the above test results, the stoichiometrically
balanced cell design was selected for battery type BA-5557( )/U.

The cell schematic is illustrated in Figure 2.

Cell Fabrication: Cells are constructed by winding rectangular
strips of anode-separator-cathode-separator layers of the
appropriate width into a cylindrical composite roll. This is
then inserted into the nickel plated steel container. This
construction supplied high electrode surface areas to impart
high current rate/low temperature capabilities. The anode is
electrically connected to the steel container. The cathode
terminal is electrically connected to the central metal post
of the glass-to-metal stal. The top is then hermetically
sealed in place by welding the periphery to the can. Electrolyte
is subsequently dispensed through the fill tube in the can
bottom. The fill tube is then hermetically sealed by welding.

(3)



The negative electrode (anode) is a continuous strip of lithium
ribbon which serves both as the active electrode and the current
collector. The positive electrode (cathode) consists of a
carbonaceous mixture deposited upon and within a current collector
(expanded aluminum grid). The cathode mix is composed of carbon
and teflon (suspension). The cathode is electrically attached
(welded) to the positive metal post via a pure aluminum tab
which is located at the end of the electrode at the center of
the cylindrical composite roll.

The separator is microporous polypropylene. Both length and
width are adjusted to adequately cover both electrode surfaces.

The electrolyte contains approximately 70% by weight sulfur
dioxide (depolarizer). The remaining 30% consists of the
additive conductive salt (LiBr) and an organic solvent.

Hermetic Seal Design: Based upon prototype cell designs
constructed both at Mallory Corporate Laboratory for Physical
Science and at the Mallory Battery Company, a glass-to-metal
insulated feed through and cell top closure has been developed.
This is being used in all hermetic cell designs. The basic
construction is shown in Figure 3. It consists of a glass
seal, a solid post/positive terminal, and an eyelet.

The metal of the solid post must be compatible with the
corrosive electrolyte while being maintained at a 3 volt positive
potential with respect to lithium.

A tantalum feed through of 0.125" diameter is used in the cell
design. Tantalum forms an excellent glass-to-metal seal.

The flange of the eyelet around the glass seal is welded to
the surrounding nickel plated steel cell top. The solid metal
post in the glass seal serves as the external positive elect-
rical terminal of the cell.

After insertion of the rolled electrode-separator assembly
and welding of the positive and negative tabs to the solid
post and can, the periphery of the top assembly is then welded
to the edge of the steel container.

An epoxy resin fill is applied around the solid post and in the
surrounding area on the top assembly to provide mechanical
integrity.

Cell Venting Mechanism: The principle of the integral vent
design is illustxated in Figure 4. It involves a pressure
sensitive ventirl container. Two diametrically opposed con-
voluti- ,s (A) e connected by two narrow bridges (C-C) where
the can rrck. -ss has been reduced by approximately 50% of
its origiaal thickr.ess. As the internal cell pressure increases,

(4)



the area confined by the convolutions moves outward, causing
the convolutions to unfold. However, the thinner material
cross section at the bridges leads to a tearing action which
results in mechanical rupture.

The shape and width of the bridge band determines the venting
parameters. The action can be varied controllably from a slow,
pressure release to an abrupt opening of a substantial vent
area. Our experience shows that venting can be reproducibly
obtained in a pressure range from 350-500 p.s.i.g. using this
proposed vent concept.

Cells were fabricated by the Mallory Battery Company and shipped
to ERADCOM for tests in accordance with CLIN 0001.

All finished cells are checked for O.C.V. (2.915-3.05 volts)
and load voltage (2.1 volts within 5 seconds at a 3 amp load at
75*F for cell type LO-42SHX) prior to releasing the cells for
shipment, testing, or battery fabrication.

Fifty (50) cells were shipped to ERADCOM in November, 1977, and
fifty (50) additional cells of the same type were tested at
Mallory in accordance with CLIN 0001.

These cells had poor start-ups, the unsatisfactory performance
being attributed to the cathode. Manufacturing had a cathode
fabrication problem, which has since been corrected.

ERADCOM was accordingly sent forty-nine (49) additional cells in
May, 1978, and forty-nine (49) additional cells were tested at
Mallory.

IV. Cell Testing, Results and Analyses on Initial Design

Cells were tested in accordance with the technical guidelines
for Battery BA-5557( )/U dated 20. November, 1976. The
tests were carried out by the Quality Control Department, and
the pertinent data sheets are included in the Appendix.

1. Environmental Tests

Fifty (50) cells were subjected to environmental tests:
temperature shock, shock, vibration, and altitude. There
was no visual evidence of physical damage or leakage as a
result of these tests, nor was there any significant change
in O.C.V. The shock, vibration, and bounce tests were carried
out by Stanford Technology Corporation, Glenbrook, Connecticut.

2. High Temperature Storage Tests

After the above environmental tests were completed, the cells
were stored at 1606F for one month. Cell weights were taken

(5)



before and after the high temperature storage. The average
weight loss was 0.0083 grams per cell. Part of this weight
loss may be attributed to weight lost by the epoxy on the cell
tops. Separate studies have revealed a 0.37% weight loss by
epoxy after storage at 160OF for one month. Since no visual
leaks were detected, the remainder of the weight loss may be
attributed to weighing technique and to cosmetic changes on
the cells.

3. Electrical Tests

After 30 days storage at 160'F, the 50 cells were discharged.
It was found that the cells had poor start-ups at -400 F, and
the capacities delivered were lower than expected. This un-
satisfactory performance was attributed to a cathode problem,
which was later resolved. Similar problems were encountered
in other cell types with respect to start-up capacity after 30
days storage at 160 0F.

Ninety-eight (98) additional cells were fabricated, forty-nine
(49) of which were shipped to ERADCOM. The remaining 49 cells
were subjected to electrical tests after 15 days of storage
at 160*F. The environmental and 30 day storage tests were
waived by ERADCOM, since the previous batch of cells was sub-
jected to the same. The electrical tests were carried out in
accordance with the technical guidelines dated 20, November, 1976.

Ten (10) cells each were discharged with the pulse load at
70, -40O, 1300, and 160 0 F. The data sheets are included in

the Appendix, and the test results are summarized in Table III.

The operating voltages at the pulse loads are illustrated in
Figures 5, 6, and 7 for discharges at 700, 1300, and -40'F,
respectively.

The operating capacities delivered by the cells were 2.04,
1.83, 1.69, and 0.92 AH at 70*, 1300, 1600, and -40°F,
respectively. The required capacity at 70° , 1300, and 1601F
is 3.048 AH and that at -40OF is 1.524 AH.

Under the pulsing regime, the average capacities delivered at
1300, 1600, and -40*F are 90, 83, and 45% respectively, of
that at 700F. These results are in agreement with similar
observations made on other Li/S02 cells.

The average cell capacities under pulsing were lower than those
required in the technical guidelines. In general, there are

certain discharge parameters that affect cell capacity, such as
discharge rate, constant current discharge versus a resistor,
high temperature storage, etc. Additional cells were, therefore,
discharged at 700 and -40OF to study the effect of some of these
parameters on cell capacity.

(6)



The following additional discharge tests were carried out:

a. Ten (10) cells at 700 and -400 under constant 1.25 amp
load after three (3) days storage at 160'F.

b. Ten (10) cells at 700 and -40OF under constant 1.25 amp
load after 15 days storage at 160 0F.

c. Nine (9) cells at 70, and -40Q, under continuous 2.25 ohm
load after 15 days storage at 160 0 F.

The test results are illustrated in Tables IV and V. The
following observations can be made from the test results:

1. At 700 F, 1.25A constant current drain delivered approximately
equivalent load.

2. Capacity loss of approximately 10% occurred upon cell storage
at 160OF for 15 days.

3. Continuous resistive load delivered approximately 4% and
20% more capacity at 70OF and -400 F, respectively, then at
approximately equivalent current load.

From the above observations, it may be concluded that 15 days
storage at 160OF and the pulse load caused a significant
reduction in cell capacity. Thus under the pulse load, although
the capacities delivered were lower than required, they were in
agreement with the discharge characteristics as determined above.

Safety Test:

Nine (9) cells stored at 160OF for 15 days were force discharged
by placing each cell in series with a power supply and discharging
it at 0.5 amps for 16 hours or until venting occurred. The cells
reached an average maximum temperature of 155*F, the range being
134.40 to 178.1 0F. The cells rar for an average of 4.5 hours to
1.5 volts, delivering 2.25AH. None of the cells vented, exploded,
or caught fire, thus complying with the safety requirement. The
data is included in the appendix. The cell voltage and temperature
versus time profile is typically illustrated in Figure 8. The
cell reached a maximum temperature at the time the voltage was
most negative. Upon continuing the forced discharge, the cell
voltage stabilized at -3.6 volts and the cell temperature
stabilized at 1350F.

It may thus be concluded that the high current rate cell, type
LO-42SHX was designed and tested for the lithium organic
electrolyte battery, BA-5557( )/U.

At the pulse discharge load, the capacities of cells after 15
days storage at 160°F were 2.04, 1.83, 1.69, and 0.92 AH at 700

(7)
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1300, 1600, and -400 F, respectively. These are somewhat lower
than the required capacities specified in the technical guide-
lines. Lower values were observed for the following reasons:

1. Degradation of capacity due to storage at 160 0 F.

2. Reduction of capacity due to the high drain rate
utilization of a pulsing regime involving constant
currents.

The stoichiometrically balanced cell design (Li:SO2 capacity
ratio = 1) has been verified to be safer than the unbalanced
cell design. Cells force discharged at .5A with an external
power supply for 16 hours did not vent, explode, or catch fire,
which is in compliance with the technical guidelines.

V. Preliminary Battery Design:

The battery design is illustrated in figure 9. It utilizes
ten (10) LO-42SHX cells with two series strings of five (5)
cells each connected to the socket as shown. Two replaceable
three amp slo-blo fuses were provided for safety in the event
of an external short circuit. The ten (10) cells were adhesive
bonded to the case and cover which were made from flame retardant
ABS material.

A few problems were encountered in meeting battery dimensional
requirements. First, the battery case as received from the
supplier was out of spec. dimensionally. Then during fabrication,
misalignment of the battery case and cover resulted in further
increases in dimensions. Then vent washers on the cells were
also slightly non-concentric with the cells. This bulged the case
and cover at certain spots. The resulting battery dimensions were
between .015" and .025" over the specified maximum. The fab-
ricated batteries were mechanically reworked to comply with
dimensional requirements.

Precision molding of the battery case and the cover is difficult
due to the intrinsic material characteristics of flame retardant
ABS. Mallory, therefore, requested that ERADCOM consider changing
the dimensional specifications of the battery as follows:

IS REQUEST CHANGE TO APPROVED
Thickness 1.438 ± .030" 1.460 ± .030" 1.438 ± .040"

Height 3.910 ± .030" 3.925 ± .030" 3.910 ± .030"

Width 4.126 ± .030" 4.141 ± .030" 4.124 ± .060"

(8)
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The preliminary battery design and cell fabrication report was
sent to ERADCOM for approval of the cell design, and Mallory
was advised by way of a letter from the contracting officer to
the Mallory Project Engineer, to fabricate 170 batteries.

One-hundred seventy (170) batteries, type BA-5557( )/U were
fabricated in accordance with CLIN 0002. One-hundred fifty
(150) of these were shipped to ERADCOM whereas twenty (20)
batteries were scheduled to be tested by Mallory.

These twenty (20) batteries were subjected to environmental
testing. The shock and vibration tests were conducted by
Stamford Technology Corporation, Glenbrook, Connecticut.
The temperature and altitude tests were carried out by the
Quality Control Department, Mallory Battery Company. There
was no visual evidence of physical damage or leakage as a
result of these tests. There was no significant change in
open circuit voltage. The data is included in the Appendix.

While the twenty (20) batteries were being prepared for tests
by Mallory for electrical performance, ERADCOM reported that
their preliminary test of BA-5557 in DMD, constant power input
device, resulted in a problem when violent venting of some
battery cells occurred near the termination of battery life.
At this stage, all tests to be done by Mallory were stopped.
A meeting was scheduled between Mallory and ERADCOM to discuss
this problem. It was realized at that time that the requirement
for DMD is slightly different from the original set of technical
quidelines for BA-5557( )/U.

The DMD, being a nearly constant power device (17-22) watts, will
proportionately increase its current requirements if and when
the proper voltage decreases. For example, if the DMD operating
battery voltage versus time discharge curve profile can be
described as having a fairly flat voltage plateau of constant
current discharge until near the end of life or 90% utilization
of its coulombic capacity (2AH). At this time the DMD's opera-
tional voltage becomes transistory and drops rapidly to 20 volts
resulting in a current of 1.07A when powered by a BA-5557 battery.
Subsequent battery discharge with DMD results in intervals of
decreased voltage which depend upon when and how many cells
(ten wired series) become depleted of coulombic capacity.
During these cell depletion events, the DMD current requirements
will proportionately increase thus forcing the terminal battery
voltage to zero. The maximum current obtained while powering
the DMD approaches 1.35A at 13 volts. The DMD, however,
loses illumination of the read-out screen below 16 volts
and 1.25A. The high current rated Slo-blo fuse does not prevent
the subsequent venting of the first battery-depleted cell which
becomes overheated (2000F) when it is current driven by the
remaining nine (9) cells into voltage reversal.

(9)



Mallory and ERADCOM both investigated the force discharges of
individual LO-42SHX cells used in BA-5557 through zero volt
into voltage reversal at currents ranging from 0.6 to 2 amperes.

Three (3) batteries from the lot shipped to ERADCOM were tested
for cell venting by short circuiting the battery after bypassing
the fuse. The heat generated was due to short circuiting the
battery. The battery material did not catch on fire, and
the cells vented safely without any explosion or fire.

A few cells taken from the same lot of batteries were force
discharged at 1.2 and 1.5 amperes (700 F) for 4.5 hours con-
tinuously, and the results are illustrated in Table VI. All
cells were insulated during the test. No cell explosion or
fire was experienced.

Four (4) cells from the same lot of batteries were force dis-
charged at 600mA at 70*F for approximately 6.5 hours. Results
are illustrated in Figure 10. The minimum cell voltage was
-6.63V and the maximum cell temperature was 149 0F. None of
the cells vented, exploded, or caught fire. At the end, the
cell temperature and voltage were stabilized at 128 0 F and
-2.5 volts, respectively. A battery was also force discharged
at 600 mA at 70OF for 6.5 hours continuously. Here again,
there was no safety problem, and the minimum voltage was -34V
and stabilized at -22.0 volts (see figure 11).

Another cell from the same lot was force discharged at 0.6A at
70OF for 6.5 hours continuously, then at 1.8A for 1.8 hours
and 2.5A for 0.1 hour. Results are illustrated in figure 12.
Here again, there was no safety problem except that the cell
vented normally.

Work was continued to duplicate ERADCOM results. Duplication
of the results were accomplished only when some batteries and
cells were force discharged at 1.25 amperes and while the
cell/battery was in voltage reversal.

Two (2) cell designs, type A and B, were considered for safety
and capacity evaluation. See Table VII for program detail.

DESIGN A

Lithium Anode: 22" x 0.700" x .006"

Theoretical Capacity: 3.12 AH
Three (3) nickel tabs welded to lithium anode.

Carbon Cathode: 24.5" x 0.700" x 0.24"
* Coulombic Capacity: 4.25 AH

Electrolyte: 10.8 1 .2 grams, 70% SO2 by weight. Theoretical
capacity of SO2 - 3.15 AH

(10)



DESIGN B

Lithium Anode: 20" x .700" x .006"
Theoretical Capacity: 2.84 AH
Three (3) nickel tabs welded to lithium anode.

Carbon Cathode: 22.5" x 0.700" x .024"
Coulombic Capacity: 3.90 AH

Electrolyte: 11.5 ± .2 grams, 70% SO2 by weight. Theoretical

S02 capacity = 3.35 AH

Li/SO 2 Capacity Ratio: 0.85:1.00

Design A was identical to the original design except for the
anode which had multiple tabs to improve its efficiency of
utilization. Design B was an improved version of Design A
with respect to Li/SO2 ratio.

Nearly 30 cells were made from each design. Weight of anode,
cathode, and electrolyte were individually monitored for each
cell. Cells from each group were tested for capacity by dis-
charging @ 650 ma three different temperatures, -40*F, 70°F,
and 130°F. Both component information and cell discharge data
of Design A and B are tabulated in Tables VIII and IX respect-
ively. As shown in the tables, there was insignificant differences
in capacity between both groups. Even cell temperature during
discharge did not show any appreciable difference between these
groups. Both designs delivered approximately 2.5 AH at 70°F
and 130OF and 0.7 AH at -400 F. Figures 14 and 15 detail 1.4A
constant current discharge continuously for 3.5 hours. Here
again, there was no difference between these two groups. In
both cases, the time to zero volts, the time to deep voltage
reversal, and the maximum cell temperature were almost the
same. Table X and XI, as well as figures 19 and 20 illustrate
forced discharge @ 70°F @ 1.4A for 3.5 hours of group A and B,
respectively. None of the cells vented.

Based on the above data, it is clear that both designs are
considered safe and acceptable regarding new technical guidelines.
ERADCOM selected Design B because of its higher S02 /Li ratio.

Twenty (20) batteries were fabricated based on cell Design B.
Fifteen (15) of these modified BA-5557( )/U batteries were
shipped to ERADCOM in accordance with CLIN0006, modification P0002.
The remaining five (5) batteries were force discharged at 1.4A
constant current for 3.5 hours continously at 700F. Fuses in
the batteries were bypassed during the test. None of the bat-
teries exploded or caught fire. The battery cases deformed
slightly, however, opening at the seam up to .036w.

(11)



VI CONCLUSIONS AND RECOMMENDATIONS

High current rate cell, type LO-42SHX, was designed and tested
for lithium organic electrolyte battery, BA-5557( )/U.

The battery, type BA-5557( )/U consisted of ten (10) LO-42SHX
cells with tv' (2) replaceable 8/10 amp slo-blo fuses. The
battery case and cover were made from flame retardant ABS
material.

The cells and batteries were subjected to the environmental
tests - thermal shock, shock, vibration, and altitude tests.
There was no visual evidence of physical damage or leakage
as a result of these tests, nor was there any significant
change in OCV.

Cells and batteries were force discharged at 1.4A for 3.5
hours at 700F. No explosion, fire, or unsafe situation re-
sulted.

The cells delivered 2.57, 2.56, and 0.71 AH at 0.65A drain to
2.OV at 700, 1300, and -40°F, respectively. The cells met
all the capacity requirements in accordance with paragraph
2.4.4 of the revised technical cruidelines dated 20, November, 1978.

Degradation in capacity after elevated temperature storage was
mainly attributed to glass seal corrosion. Mallory developed
a protective coating for th. glass on a prior project at its
own expense, which would take care of this glass corrosion
problem.

Design B is better than Design A in regards to Li/S02 ratio.
In other words, the excess electrolyte in cell Design B helps
in compensating for production variability with respect to
lithium weight, electrolyte weight, and percentage of S02 in
the electrolyte.

Three (3) tabs on the lithium anode did help in improving the
utilization of the anode during discharge, but this is not
practical from a production standpoint. Mallory developed in
a parallel project and at its own expense, a new technique for
improving the continuity of anodes which call for thinner
lithium. A longitudinal "reaction barrier" on the separator
has been introduced, which allows for a continuous lithium
strip at the center of the electrode to the end of cell life.
This barrier should increase anode efficiency nearly equivalent
to the multiple tabbing technique.

One of the areas investigated before improving the Li/SO 2 ratio,
was the cathode. The average current of the BA-5557( )/U
battery is under 1 mA/cm 2 . The attached graph (fig. 13) pro-
vides the ampere hour/gram of carbon at various rates at 700F.
As shown if fig. 13, the LO-42SHX cathode has more than enough
carbon to support the cell's coulombic capacity of sulfur
dioxide.

(12)
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Although these cells meet the specifications of the present
technical guidelines for the primary lithium organic electro-
lyte battery, BA-5557()U, dated 20, November, 1976, some
modifications must be made in the cell/battery or both for
safe operation with DMD.

Based on ERADCOM and Mallory investigations, the following
conclusions were drawn:

a. The battery fuse should be changed from 3 amp Slo-blo
to 8/10 Amp Slo-blo. This may prevent cells from
venting violently during discharge with DMD since
these fuses blow at 1.00 to 1.08A within several
minutes.

b. Introduce multiple tabs on lithium anode to improve
the efficiency of anode utilization during discharge.

c. Evaluate a new design with reduced lithium/SO2 ratio
and also with multiple tabs on anode.

The test program used is outlined in Table VII.
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TABLE I

Preliminary Tests on Balanced Cells (Li:SO, = 1:1)

Test Results and
Cell # Test Type Load Temp. OF. Comments

Safety:
13 Drive cells .75A -20 No venting or explosion.
14 with power .75A -20 Maximum cell temp.
15 supply for .75A -20 1000F.
16 eight (8) .75A -20

hours

17 capacity pulse load 70 19.5 hours to 1.5V,
18 capacity in accor- 70 equivalent cap. =

dance with 2.48 AH
technical
quidel ines

19 capacity -40 5 hours to 1.5V,
20 capacity -40 equivalent cap. -

.63 AH

Pi

(14)
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TABLE II

Preliminary Testq in Unbalanced Cells (Li:SO. = 1.19:1)

I.Test Results andCell # Test Tyne -.. Load Temp. °F. Comments
Safety:

1 Drive cells .75A -20 Violent venting.
2 with power .75A -20 Explosion, bottom

supply for blown off, max.
eight (8) cell temp. 3230 F.

3 hours .75A -20 Explosion, fire, max.
cell temp. 357 0F.4 .75A -20 Explosion, fire, max.
cell temp. 3250F.

5 capacity Pulse load 70 18 hours to 1.5V
6 capacity in accor- 70 17 hours to 1.5V
7 capacity dance with -40 6 hours to 1.5 V

capacity Technical -40 4.5 hours to 1.5V9 capcity Guidelines 70 16.5 hours to 1.5V
10 capacity 70 17.75 hours to l.5V
11 capacity -40 6.5 hours to 1.5V
12 capacity -40 4 hours to 1.5V

(15)
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TABLE IV

Discharge Tests with 1.25A Drain

Storage At
Discharge Hours To Capacity 160'F Prior

O.C.V. Temp. OF 1.5V AH To Discharge

2.945 -40 .783 .98 3 days
2.948 -40 .717 .89 3 days
2.946 -40 .767 .96 3 days
2.956 -40 .833 1.04 3 days
2.945 -40 .800 1.00 3 days
2.97 70 1.92 2.40 3 days
2.98 70 2.08 2.60 3 days
2.99 70 2.11 2.64 3 days
2.98 70 2.11 2.64 3 days
3.00 70 2.0 2.50 3 days
3.02 -40 .57 .71 15 days
3.02 -40 .65 .81 15 days
3.03 -40 .83 1.03 15 days
3.03 -40 .63 .79 15 days
3.04 -40 .84 1.05 15 days
3.03 70 2.07 2.58 15 days
3.02 70 1.73 2.17 15 days
3.03 70 1.58 1.98 15 days
3.03 70 2.1 2.63 15 days
3.03 70 2.07 2.58 15 days

(17)
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TABLE V

Discharge Tests with 2.25n Continuous
After 15 Days Storage at 160°F

Discharge Hours To Capacity
O.C.V. Temp. 'F 1.5V AH

3.03 70 2.07 2.44

3.02 70 2.05 2.42

3.03 70 1.93 2.28

3.02 70 2.23 2.63

3.03 70 2.23 2.63
3.03 -40 1.28 1.14

3.03 -40 1.28 1.14

3.02 -40 1.30 1.16

3.03 -40 1.32 1.17

(18)
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BA- 5557( )/U

DISCHARGE PROFILE

RE'EAT

150 SEC.

CONTINUOUS BACKGROUND CURRENT IS MA
30 MIN.
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1990 SEC. REST
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FIG. 1
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LITHIUM ORGAN/C ELECTROLYTE CELL

L042SXH FOR BA-555701/L

POSITIVE EXTERNAL TAS

INSULATING EPOXY GASMTLSA

ANODE ,CATHODE,
SEPARATOR, 0
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FIG. 2
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BASE OF CAN WITH CONVOLUTION VENT

CONVOLUTION A

BRIDGES (2)

I
CON VOLUTION

BRIDGE

SECTION B-B

BRIDGE COINED
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Primary Organic Electrolyte Battery BA- 5557( 2/U

4 4.126 + .030

.750.+ .030
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.125
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